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The present Invention relates to an or9anic field 
ef fsct element using an organic material. 

Conventional organic field effect elements using 
organic materials are described in, e.g., Published 
Unexamined Japanese Patent Application Nos. 61- 
202469, 63-14471. 63-14472, 1-69366. 1-259563, 
and 1-259564. These elements wU be descrftied be- 
low with reference to Rg. 1. 

Agate electrode 2 Is formed on a substrata 1. an 
insulating film 3 is formed to cover the entire surface 
of the gate electrode 2. As the Insulating f Bm. an ox- 
ide f Om or a polymer f Bm such as a polysiloxane film 
is used. A source electrode 4 and a drain electrode 5 
are formed separately to each other on the insulating 
thin (Dm 3, and a semiconductor layer 6 consisting of 
a n-conjugated polymer is formed to constitute a 
channel region between the source and drain electio- 
dee4. 5. 

The operative principle of the organic field effect 
element In Fig. 1 will be described below. A current 
flowing in the channel Is determined by a potential 
difference between the source and the drain electro- 
dea 4, 5 and the resistance of the channel. In this 
case, the resistance of the channel is determined by 
the electric resistance of the n-conJugated polymer 
when no voltage Is applied to the gate electrode Z On 
the other hand, when a voltage is applied to the gate 
electrode 2. cerriere In the n-conJugated polymer are 
attracted to and aocumulatod in the channel, thereby 
decreasing the resistance of the channel. In this man- 
ner, the current flowing in the channel can be control- 
led by the potential of the gate electrode 2 (e.g., A. 
Tsumura et al., Synthetic Metals, Vd. 25, pp 11-23). 

Afield effect element is required to have the fd* 
lowing charact^ics. That is, a current (to be refer- 
red to as an ON current hereinafter) obtained when a 
voltage Is applied to the gate electrode Is laige. and 
a ratio of the ON current to a current (to be referred 
to as an OFF current hereinafter) obteined when no 
voltage Is applied to the gate electrode Is large. 

In a conventional organic field effect elemem. In 
order to increase an ON current the carrier mobDIty 
in a channel must be Increased, or the number of car- 
riers accumulated In the channel must be Increased. 
However, when the carrier mobility In the chennel is 
increased, an OFF current Is also increased. In addi- 
tion. \n order to increase the number of carriers accu- 
mulated In the channel without an increase in voltage 
applied to the gate electrode, the number of carriers 
In a n-conjugatad polymer must be increased. How- 
ever, also in this case, an OFF current is increased. 
Therefore, in order to increase the ON current and to 
decrease the OFF current a new means is required 
at present 

The above point is importent when a field effect 
element is applied to particte usa As an example of 
an application of a field effect element an active ma- 
trtx-Vpa drive circuit in a liquid crystal display Is 



known. In this liquid crystal display, a field effect ele- 
ment Is formed to each pUel, and a drain electrode 
and the pixel electrode are connected to each other, 
thereby controlling signal volteges applied to the pixel 

9 electrode by a gate electrode. The active matrix is bet- 
ter than a simple matrix. That la, the active matrix has 
a smaller lealcage signal between pbcels and higher 
image quality such as contrast raeolution. and pbiel 
density than those of the simpte matrix. In a oonven- 

10 tlonal active matrix, a field effect element having an 
Inorganic semiconductor thin fOm, such as amor- 
phoua sOicon. has been used (e.g., KaichI Fukuda et 
al.. The Transactions of the Institute of Electrical En- 
gineers of Japan, Vol. 110-A, Na 10. pp. 659-666 

18 (1 990)). Also in a field effect etement used in the ac- 
tive matrix. In order to obtain a liquid crystel display 
having high quality such as a high contrast a high re- 
solution, and a high pbcel density, an ON current must 
be incrsased. and an OFF currant must be de- 
20 aeased, l.e., an ON/OFF current ratio must be In- 
creased. In addition, in order to Increase a response 
of the liquid crystal disptey. the ON current must be 
Increased (Masaklyo Matsumura et ai.. The Transao- 
tions of the Institute of Electrical Engineers of Japan, 
28 Nfol. IIOnA, Na 10. pp. 657-658 (1990)). 

In recent years, there existe a demand fora liquid 
crystal display having a large area, and thus a glass 
or plastic substrate having a large area on which field 
effect elemento are laigely integrated has been re- 
30 quired. However, It is very difficult to form an Inorgan- 
ic semiconductor such as an amorphous silicon into 
a thin film having a large area with uniform quality. In 
addition, since the substrate must be hested to 200^ 
or mors in the process of manufacturing the inorganic 
35 semiconductor thin film, a plastic substrate cannot be 
used. Furthermore, the Inorganic semiconductor thin 
f Om has a drawback that it is easfly cracked by shock 
or axpanskm and contraction caused by heat result- 
ing Inpoorrellabaity. 
40 In order to soh^e the above problems, there is pro- 
posed an acthre matrix-type liquid crystal display us- 
ing an organic field effect element having a n-conju- 
gated polymer thin film In place of an inorganic sem- 
iconductor thin film (e.g.. Published Unexamined Jap- 
48 anese Patent Application Noa 62-85224 and 1- 
259323). Since such an organic field effect element 
has advantages as compared with a field effect ele- 
ment using an inorganic semiconductor thin f llmi It is 
very Importent to increase an ON current to increese 
50 an ON/OFF current ratio. However, in the convention- 
al organic field effect element It Is disadvantageously 
difficult to increase an ON currsnt to increase en 
ON/OFF currsnt ratio as above-descr&ed. 

It te an ofaject of the preaent invention to provide 
55 an organic fleU effect element having a large ON cur- 
rent and a large ON/OFF current ratio. 

According to the present Invention, there is pro- 
vided an organic field effect element comprising a 
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souroo electrode and a drain electrode formed sepa- 
rately to each other, a first organic layer constituting 
a channel between the source and drain electrodes, 
a second organic layer fbrnted to be adjacent to the 
channel and having a carrier concentration different 5 
fhyn that of the first organic layer, and a gate elec- 
trode formed to be opposite to the channel through 
the second organic layer, wherein carrieiB are trans- 
ferred between the second and first oiganic layers in 
response to a voltage applisd to the gate electrode to 10 
change an electrical conducthffty of the channel. 

The organic field effect element of the present In- 
vention has a structure, for example. In which the 
gate electrode is formed on the substrata, the second 
organic layer Is formed to cover the entire surface of is 
the gate electrode, the source and drain electrodes 
are formed on the second organic layer with a prede- 
termined space, and the first oiganlc layer is Ibrmed 
on the source electrode, the drain electrode, and the 
second organic layer between the source and drain 20 
electrodes. 

TTils invention can be more fUly understood item 
the foflowing detaOod description when taken in con- 
Junction with the accompanying drawings. In which: 

Fig. 1 is a aedional view showing a conventional 25 
organic field effect element; 
Fig. 2A is an energy band diagram for explaining 
confinement of negatively charged carriere on an 
Interface between the firat and second organic 
layers following a change In Fermi level caused 30 
by transition of the first organic layer to a metallic 
state in the organicf laid effect element according 
to the present invention; 
Fig. 2B Is an energy band diagram for explaining 
confinement of positivety charged carriers on an 3$ 
interface between the firet and second organic 
layers following a change in Fermi level caused 
by transition of the first organic layer to a metallic 
state in the organicf ield effect element according 
to the present Invention; ^ 
Fig. 3 is a sectional view showing an organic field 
effW element according to Example 1 of the 
present invention; 

Fig. 4 is a graph showing a relationship between 
a potential Vd of a drain electrode with respect to 45 
a source electrode and a current Id flowing In the 
drain electrode using a potential Vg of a gate 
electrode with respect to the source electrode as 
a parameter; 

Rg. 5 is a sectional view showing a liquM crystal so 
display using the organic field effect element in 
Example 1; 

Fig. 6 is a sectional view showing an organic field 
effect element according to Example 3 of the 
present invention; and 55 
Fig. 7 is a graph showing a response of a drain 
current to an b'radlatlon of the light of a Xe flush 
lamp having a pulse width of 5 ^c from the gate 



electrode side of the organic field offset element 
according to Example 3 of the present invention, 
under the condition where voltages of -S V and - 
50 V are applied to the drain and gate electrodes 
with respect to the source electrode, respective- 
ly. 

In the present invention, any insulating material 
may be used as a substrate. 

In the present invention, as materials for a first or- 
ganic layer constituting a channel and a second or- 
ganic layer formed to be adjacent to t he channel, a n- 
conjugaled polymer, a o-conjugated polymer, and 
dertvaUves thereof are used. Examples of the n-con- 
jugated polymer are polyparaphenylene, polyacety- 
lene. pdypyrrde, pdythiophene. poiyfuran, polysele- 
nophene, polyanOlne, pol^lene, polypyrene, pdy- 
nuorena, pdyparephenyienevinylene, polythlenyte- 
nevlnylene, pdybenzofUran. polybenzothiophene, 
pdyindde, poiyvinylcarbazole, polydibenzof^ran. 
pdyisothianaphthene. polyisonaphthothiophene. 
pdydlacethylene. polyphenylenesuJflde, and poly- 
phenyfeneoxWe. Examples of the owconjugated poly- 
mer are polysflane and poiygermane. 

As methods of forming the firat and second or- 
ganic layere, deposition, electrochemical pdymeriza- 
tlon. photo-lrradated electrochemical polymerization, 
gas-phase polymerizatbn. a method in which a pre- 
polymer is polymerized by heat or a catalyst and a 
method in which a polymer Is dissohfsd in a solvent 
to be coated and dried are used. 

In the preeent Invention, the eeoond organic layer 
has a carrier concentration different from that of the 
first organic layer. e.g.. the second organic layer has 
a carrier concentration higher than that of the firat or- 
ganic layer In a dark state or a light Irradlatton state. 
The carrier concentration of the second organic layer 
becomes higher than that of the first organic layer, for 
example, by doping a dopant As a method of doping 
the dopant In the second organic layer, the following 
methods are used. In which the layer is exposed to a 
doping vapor In the atmospheric pressure, the layer 
Is exposed to a doping vapor at a reduced pressure, 
the layer is electrochemlcaliy doped In a aolutton con- 
taining a dopant, a dopant is brought into contact with 
the second organic layer to be thermally diffused, 
and a dopant Is lon-implantsd In the layer 

When electrons are used as carriere, examples of 
the dopant are halogens (e.g., l^. Cf 2. Br^, ICf . ICf „ 
IBr. and IF), Lewis ackto (e.g.. PF5. AsF*. SbF^. BF,. 
BCr,. BBr3. and SOs), pnotonic actds. organic acids 
or amino acids (e.g., HF. HC^. HNO,. H2SO4. HCf04 
FSOjH. CfSOjH. and CF,SO,H). transitkm metal 
compounds (e.g., FeCf^ FeOCf. TIC^, ZrCf4. 
HfC/4. NbFs. NbC^a. TaC/e. M0F5. MoCf«. WF^ 
WCfa. UF«. and LnC^, (l-n Is a lanthanoid)), anions 
{e.g., Cf-. Br, r. 0^04". BF4-. PFe". AsF.". SbF.". and 
anions of various sulfonic adds). When holes are 
used as carriere. examples of the dopant are cations 
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(e.g.. H*, LT. Na*. K*. Rb\ and Cs^. alkali metals 
(e.g.. U Na, K, Rb, and Ca), alkalina-earth metals 
{e.g.. Ca, Sr. and Br). XeOF^. (NOj") (SbF^. 
(NOjI (SbCfel. (NO^*) (BFO. AgCf04. HaliCf., 
La(N0j)3 6H20, FSOaOOSOjF. Eu. acatytchollne. 
R4N* (R is an alkyl group), (R Is an alkyi group). 
R«As^ (R is an alkyi group), and RaS* (R Is an alkyi 
group). At this time, the carrier oonoantratkin N of the 
second organic layer preferably satisfies a conditkm 
of N > 55,0008/d2. where d and e represent the thick- 
ness and permithffty of the second oiganlc layer, re- 
specth^. This is because, when the carrier concen- 
tratton is too tow. a current flowing in a channel may 
not be easily controlled by the potential of a gate elec- 
trode. 

In the present Inventton, the second organic layer 
may have a stacked structure. For example, the sec- 
ond organic layer may be formed by a stacked struc- 
ture consisting of a charge generation layer and a 
charge transport layer. In this case, when the charge 
generatkMi layer constituting the second organic lay- 
er is Irradiated with light cariters are generated and 
transport through the charge transport layer, so that 
the carrier concentratton of the second organic layer 
becomes higher than that of the first organic layer. 

Any material whteh absorbs light and efficiently 
generates carriere may be used as a material consti- 
tuting the charge generatton layer. Examples of the 
materials are inoigante photoconductore (e.g.. seleni- 
um, a selenium alloy. CdS, CdSe, CdSSe, ZnO. and 
ZnS). various crystalline metaUic phthalocyanine pig- 
ments (e.g., titanylphthalocyanlneandvanadylphtha- 
locyanine), various aystalline non-metallk: phthalo- 
cyanine pigments, azo dyes (e.g.. a monoazo dye, a 
bisazo dye, a bisazo dye. and a tetrakiaazo dye), pe- 
nylene pigments (e.g.. penylene anhydrUe and penyu 
lene imide). pdycydic quinon pigments (e.g.. a pery- 
none pigment an indigoM dye. a quinacridone pig- 
ment anthrequinone. and dibromoanthoanthrone). 
aggregate complexes (consisting of a cyanine dye. a 
xanthene dye. a pyrinlum dye. or a thiapyrfnium die 
and a polycarbonate resin, a charge-transfer complex 
(consisting of an electron-donor material such as an 
azulenfum dye. a squaJinium dye, and pdy^N- 
carbazoie and an elecbon-acceptor material such as 
trinitrofluorenone. 

The charge generation layer may consist of only 
a charge generating material or may consist of the 
charge generating material and a binder polymer. As 
the binder polymer, a polyvinylbutyral resin, a phe- 
noxy resin, or the like is used. As a nnethod of forming 
the charge generation layer, a coating method (e.g.. 
a spin coating method, an Immersion pufllng method. 
8 roller coating method, a doctor blade method, and 
a spray method), a vacuum deposition method, a 
sputtering method, a plasma CVD method using glow 
discharge, or the like is used. A proper method is se- 
lected from these methods in accordance with the 



type of a charge generating material to be used. 

As a material constttuting the charge transport 
layer, the above n-conjugated polymer, conjugated 
polymer, and derivatives thereof can be used. As a 

5 method of fbrmlng the charge transport layer consbt- 
ing of these materials, a depositton method, an elec- 
trochemical pdymerlzatton, a photo-irradiated elec- 
trochemical polymerizatton. a gas-phase polymeriza- 
tion, a method of pdymertzing a prepdymer by heat 

10 or a catalyst a method in which a polymer Is d issolved 
in an appropriate solvent to be coated and dried, or 
the like Is used. 

Another examples of the material constituting 
the charge transport layer are a hydrazone com- 

15 pound, a pyrazollne compound, an oocadiazole conv 
pound, a thlazde compound, a thladlazole com- 
pound, a ketazlne compound, an enamine compound, 
an anIsMine compound, a stllbene compound, a bu- 
tadiene compound, a carbazole compound, and poly- 

20 mar compounds obtained by introducing residual 
groups thereof to the main or sMe chains of pdymere. 

The charge transport layer consisting of these 
materials is formed as fbllows. A binder polymer is die- 
sohred in an appropriate organte solvent and the 

25 above charge btinspcrtlng material is dissoh^ed or 
dispersed In the organic sohfent to prepare a coating 
liquid. This coating ikjuid is coated by a normal coat- 
ing method and dried. As the coating method, a spin 
coating method, an immersion pulling method, a roll- 
so er coating method, a doctor blade method, or a spray 
coating method is used. 

In this case^ examples of the binder polymer are 
polycarbonate, polyester, polyester carbonate, poly- 
vinyl chloride, an acrylic resin, polyvinyl acetate, a vk 

35 nyl chloride-vinyl acetate copolymer, polyvinyl acetai. 
a phenolic resin, a styrene-acrylic copolymer, polyar- 
ytats. an alkyd resin, or a phenoxy resin. When the 
charge transporting material can be formed Into a 
film, a binder polymer is not necessarily required. 

40 When the binder polymer Is used, a mixing retto of the 
charge transporting material to the binder polymer is 
preferably set to be 1 part by weight : 0.3 to 2 parte 
by weight 

In the present inventton, as a material for a gate 
45 electrode, a material which can form a Schottky Junc- 
tion or a heterqlunctfon with the second organic layer 
is preferably used. Asthe material, a metal, a conduo- 
tiva oxide, a semiconductor such as Si treated to de- 
crease its resistance, the above n-conJugated pdy^ 
so mer. the o-conjugated polymer, or the derivath^e of 
the n-conJugated polymer or the a-conjugated pdy. 
mer is used. 

When the second organic layer and the gate 
elecbode do not easily form the above junction, an in- 
55 sutating layer may be formed between the second or- 
gank: layer and the gate elecbode. If the insulating 
layer is fornted when the junction is not eaaily formed, 
carriers in the gate electrode are prevented from be^ 
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Ing injected in the second organic layer. As a result 
the second organic layer is depleted, and the carriers 
can t>e effectively Injected in the first organic layer. 

In the present invention, the matBrial tbr the 
source and drain electrodes may bo the same or dtf* s 
f erent As the materials of the source and drain eleo- 
trodes. materials which can form a Schottky Junction 
or a heterojunctlon with the second organic layer are 
preferably used. As the material, simaar to the gate 
electrode, a metal, a conductive oxide, a semiconduo- to 
tor such as Si treated to decrease its resistance, the 
above n-conjugated polymer, the <r<onJugatBd poly- 
mer, or the derivathre of the n-conJugated polymer or 
the o^njugated polymer is used. When the source 
and drain electrodes do not easly form the above is 
junction with the second organic layer, an Insulating 
layer may be formed between the source and drain 
electrodes and the second organic layer. If the Insu- 
lating layer is formed when the Junction is not easly 
formed, short circuit between the source and drain 20 
electrodes through the second organic layer can be 
prevented. Note that a space between the source and 
drain electrodes can be arbitrarily set 

When an organic field effect element according 
to the present invention is applied to a liquid crystal 25 
display, element structures other than the field effect 
element are the same aa those of the general liquid 
crystal display. 

Although any insulator can be used as a sub- 
strate material, a substrate material on the side 30 
through which light passes or on which the light is in- 
cident must be transparent within the wavelength re- 
gion of the light 

As the materials of a pucel elecbode. an address 
line. 8 data line, and a counter electrode, a metal, a 35 
conductive oxide, a aemtconductor such as Si treated 
to decrease its resistance, the above n^njugated 
polymer, the 9-conJugatad polymer, or the dertvath^e 
of the n-GonJugated polymer or the e-conjugated 
polymer ia used. Apart which is In contact with the liq- 40 
uld crystal must consist of an insoluble material in the 
liquid crystal. In addition, the material for the part on 
the aide through which light passes or on which the 
light is incident must be transparent within the wavo- 
length region of the light ^ 

As the liquid crystal, a guest-host liquid crystal 
a TN liquid crystal, or a smetic Ophase liquid crystal 
is used. 

The operative principle of an organic field effect 
element acconiing to the present invention wfOI be de- 50 
scribed below. 

When a voltage is not applied to a gate electrode 
injectfon of only a small number of carriere is caused 
by an elecdic field on an interfece between a second 
organic layer and a first organic layer constituting a 55 
source-draln channel. At this time. If an organic field 
effect element has a second organic layer having a 
carrier concentration higher than that of the firet or- 



ganic layer, the channel has a high resistance, and a 
current flowing in the channel is very small. 

When a voltage is applied to the gate electrode 
to repel the carriere in the second organic layer from 
the gato etectrode, a large number of carriere are In- 
jected in the first organic layer from the second or- 
ganic layer. For this reason, the resistance of the 
channel Is considerably decreased, and a current 
flowing In the channel can be Increased. 

When a voltage is applied to the gato electrode 
such that the carriere in the second organic layer are 
attracted to the gato electrode, a targe number of car- 
riere are injected In the second organic layer from the 
fhat oiganic layer. In this case, since the resistance 
of the channel becomes higher than that obtained 
when no voltage is applied to the gato electrode, a 
current flowing in the channel can be decreased. 

The same operathw principle as described above 
is obtained when the second organic layer has a 
stacked structure consisting of a charge generation 
layer and a charge transport layer and when light is 
Irradiated on the second organic layer to generato 
carriere. 

In a n-conJugated polymer, a oHunJugated poly- 
mer, or derivatives thereof, there are carriere m a 
state caOed polaron or blpdaron which b a dlmer of 
the polaron. The polaron has two separated energy 
bands. When the number of carriere is small, a Fermi 
level is located at almost the center of the two bands, 
and the organic layer remains an insulator. When the 
number of carriere is increased in these energy 
bands, negative charges and posith^e charges move 
in a high-level (close to a vacuum level) polaron band 
and a low-level polaron band, and the Fermi ievsl 
shiftB Into their polaron bands rospecth^ely, and the 
organic layer is changed firom an Insulating or semi- 
conductor state to a metallic state, thereby consider- 
ably decreasing the resistance of the organic layer 
(e.g.. A. J. Heeger et al.. Reviews of Modern Physics. 
Vol. 60. pp. 781-850 (1988): Avadh Saxena et at. 
Physical Review B. Vol. 35, pp. 3914-3928 (1987); M. 
A. Abkowitz et al., PhOosophical Magazine B. Vol. 61 
pp. 25-57 (1990); and Bette et al.. Solid State Conv 
munlcatlons. Vol. 74, pp. 461-464 (1990)). Therefore, 
when these conjugated polymere are used for t he first 
organic layer, and a sufficient number of carriere are 
injected from the second organic layer, the firet or- 
ganic layer becomes a metallic state. As shown in Fig. 
2A(when carriere are negatWely charged) and Fig. 2B 
(when carriere are poslth^ely charged), a change in 
Fermi level when the state of the first organic layer is 
changed into the meteOic state bends the band of the 
first organic teyer, and carriere are confined In the In- 
terfsce between the firet and aecond organic layers. 
In this Interface, a metallic layer In which carriere are 
two^imensionally spread Is termed, and a current 
flowing in the channel ia greatly increased. 

As described above, in an organic field effect ele- 
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nient according to the present invention, an ON cur- 
rent can be inoBased to increase an ONVOFF current 
ratia 

Examples 

Examples of the present invention will be desert- 
t>ed below with reference to the accompanying draw- 
ings. 

Example 1 

Fig. 3 is a sectional view showing an organic field 
affect dement In Example 1. A gate electrode 12 is 
formed on a glass substrata 11 . and a second organic 
layer 1 3 is formed to cover the entire surface of the 
gate electrode 12. A source eiecMe 14 and a drain 
eiedroda 15 are separately formed on the second or- 
ganic layer 13. and a ftrst organic layer 16 Is formed 
to constitute a channel between the source electrode 
14 and the drain electrode 15. 

This organic field effect element was manufao* 
turad as foBowa. Polyparaphenylene used for the sec- 
ond organic layer and a prepdymer of polyparaphe- 
nylenevinylene used for the first organic layer were 
synthesized in advance. The polyparaphenylene was 
synthesized by a method described in Takakazu Ya- 
mamoto et al.. Chemistry Letters, pp. 1211-1214 
(1990) such that paradibromobenzene was con- 
densed in the presence of Mg and Nl complex cata- 
lysts. The prepdymer of the pdyparaphenyleneviny. 
lena was synthesized such that a sutfonium sdt ob- 
tained by a reaction between dialkylesulf ide and par- 
axylylene dihalide was polymerized using a basic cat- 
alyst 

This prepolynrw wH) be converted Into polypara- 
phenylenevinylene by a thermal pdymerizlng meth- 
od described by D. D. C. Bradley. Journal of Physics 
0: Applied Physics, vd. 20. pp. 1389-1410 (1987). 

An Al layer prospectively serving as the gate 
elecbode 12 was formed on the glass substrate 11 by 
vacuum deposition, and then the pdyparaphenylene 
was placed In a tantalum boat and heated at 240*C 
under 10-» Pa to be deposited, thereby fbrming the 
second organic layer 1 3 having a thickness of 200 nm 
on the gate electrode 12. A metal mask was fixed on 
the second organic layer 13, and Nl was vacuum-de- 
posited, thereby fbrming the source dedrode 14 and 
the drain dectrode 15. The space between the source 
electrode 14 and the drain electrode 1 5 was set to be 
1 00 Mm The resultant structure was exposed to an Io- 
dine vapor using the source dectrode 14 and the 
drain dectrode 15 as masks to dope I2 serving as a 
dopant in the second organic layer 1 3. As a result the 
carrier concentration in the second organic layer 13 
became 1 x 1 0i»/cm». After a sdution of the prepdy- 
mer of pdyparaphenylenevinylene was cast on the 
source dectrode 14. the drain dectrode IS. and the 



second organic layer 13 by a spinner, the sdution 
was dried In an Ar atmosphere and heated at 300X 
under 10-4 Pa to be polymerized, thereby forming the 
first organic layer 18 consisting of a potyparapheny^ 

5 lenevinylene f Im having a thickness of 2 pra 

In this organic fidd effect element a rdationship 
between a potentid Vd of the drain dectrode with re- 
spect to the source elecbode and a current Id flowing 
in the drain elecbode is shown In Fig. 4 udng a po- 

10 tantid Vg of the gata electrode with respect to the 
source dedrode aa a parameter. Aa Is apparent ftam 
Fig. 4, ft Is found that the current Id is controlled by 
the potenUd Vg. A preferable organic fidd effect de- 
ment having a large ON current and a very large ratio 

15 of the ON current to an OFF current was obtained. 

Example 2 

Fig. 5 Is a secttond view showing a liquid crystd 
20 display using an organic fidd effect dement having 
the aame arrangement as that of the organteflekl efs- 
fect element in Example 1. Agate electrode 12formed 
on a glass substrate 11 la connected to an addreas 
line 21. A source dectrode 14 and a drain dectrode 
28 15 formed on the gate dectrode 12 through a second 
organic layer 13 are connected to a data line 22 and 
a pixd electrode 23 consisting of ITO. respectively. A 
first organic layer 16 is formed on the source dec- 
trode 14 and the drain dectrode 15, and an insulating 
30 laysr 24 consisting of pdylmide Is formed on the f iret 
organic layer 16 by deposition to protect the entire 
surface of the organic field effect element A counter 
electrode 26 consisting of ITO and an insulating layer 
27 are formed on a glass substrate 25 opposite to the 
35 glass substrate 11. The glass substrates 11 and 25 
are caused to oppose each other by a normd method 
to fbrm a liquid crystd cdi. and a llquM crystd 26 Is 
seded between both the substrates. A rubbing proc- 
ess is performed to the insulating layere 24 and 27 
40 consisting of pdyintide. 

The response of this liquid crystd display was ex- 
amined as foOows. Whfle potentids of OV and -6 V 
were kept applied to the data line (source dectrode) 
and the counter elecbode. respectlvdy. a potential of 
45 -30 V waa applied to the address line, and then a po- 
tentid of 0 V was applied thereto. The liquid crystd 
was rapidly turned on in response to the potentid of 
-30 V without any dday, and this ON state was kept 
On the other hand, whae potentids of -12 V and -6 V 
50 were kept applied to the data line (source dectrode) 
and the counter elecbode. respectively, a potential of 
-30 V was applied to the address line, and then a po- 
tentid of 0 V was applied thereto. The liquM crystal 
was rapidly turned off in response to the potentid of 
55 -30 V without any dday. and this state was kept 

In Example 2. carriere are posit^dy charged. In 
this case, when the potentid of the gate dectrode 
(address line) Is set to be lower than the potentid of 
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efther the source electrode (data line) or the drain 
electrode (pixel electrode), which has a higher poten- 
tial, the carriers flow from one (the 8ut»tantial source 
electrode) of the source and drain electrodes which 
has a higher potential, to the other (the sut>stantial 
drain elactiode) of the source and drain electrodes, 
which has a tower potential. The ON and OFF states 
are controlled by an electric field formed by the charg- 
es. 

On the other hand, assume that the carriem are 
negath^y charged. When the potential of the gate 
electrode (address line) is set to be higher than the 
potential of either the source electrode (data line) or 
the drabi electrode (pbcel electrode), which has a low- 
er potential, the carrtere flow from one (the substan- 
tial source electrode) of the source and drain electro- 
des which has a lower potential to the other (the sub- 
stantial drain electrode) of the source and drain elec- 
trodes which has a higher potential. The ON and OFF 
states are controlled by an electric field formed by the 
chargee. 

When these conditions are satisfied, the poten- 
tials of the addrees line, the data line, and the counter 
electrode can be arbHrarHy set 

Example 3 

Fig. 6 Is a sectbnal view showing an organic field 
effect element according to Example 3. A gate elec- 
trode 12 is formed on a glass substrata 11, a charge 
generation layer 17 is formed to cover the entire sur- 
face of the gate electrode 12. and a charge transport 
layer 18 is formed on the charge generation layer 17. 
The charge generation layer 17 and the charge trans- 
port layer 18 constitute a second organic layer 13. A 
source electrode 14 and a drain electrode 19 ar« sep- 
arately formed on the second organic layer 13. and a 
first organic layer 16 is formed to constitute a channel 
between the source and drain electrodes 14, IS. 

This organic field effect element was manufoo- 
tursd as follows. A polysOane derlvathw used for the 
charge transport layer was synthesized In advance. 
The polysilane derfvetive was synthesized in accor- 
dance with a method described by J. Devzux et ai.. 
European Polymer Journal. Vd. 25, No. 3. pp. 263^ 
266 (1989). That is. Na was mUed in toluene and re- 
fluxed, and phenylmethyldlchtorosilane serving as a 
monomer was introduced in the toluene to be pdy- 
merized. After the reaction was finished, the Na was 
treated with ethand, solid producta (polysilane hav- 
ing a phenyl group and a methyl group as substitutent 
groups) was reoovared. washed with deionized water, 
and dried. 

An AI fOm which wee so thin that the flm wee 
transparent was vacuum-deposited on the glass sub- 
strate 11, thereby forming the gate electrode ^Z An 
X-type non-metallic phthalocyanine was dispersed in 
a triehloroethane solution containing 2 wt% of a phe- 



noxy resin (a weight ratio of the phthalocyanine to the 
resin Is 1 : 1). and the resultant solution was coated 
by a spinner and dried, thereby forming the charge 
generation layer 17 having a thickness of 200 nm. A 

5 solution obtained by dissohring the above polysilane 
derivathra in toluene was coated on the charge gen- 
eration layer and then dried, thereby forming the 
charge transport layer 18 having a thickness of 5 nm. 
A metal mask was fbced on the second organic layer 

10 13 consisting of the charge generation layer 17 and 
the charge transport layer 18. and Au was deposited 
on the resultant structurs by electron beam deposi- 
tion, thereby forming the source electrode 14 and the 
drain electrode 15. The space between the source 

15 electrode 14 and the drain electrode 15 was set to be 
50 \an, 

(Bu)4N*Cf O4- (Bu is a butyl group) serving as an 
electrolytB and pyrrole serving as a monomer were 
added to a solutton mtxturs of 99 vol% of welJ-refined 
20 Boetonitrle and 1 vol% of distined water to have con- 
centratlona of 0.1 mol% and 0.05 mol%. respecth^ely. 
The eource and drain electrodee and a Pt plate were 
used as working electrodes and a counter electrode, 
respectively, and a potential of 3.5 V was applied 
25 such that the working electrodes had a posith^e po- 
tential with respect to the counter electrode. In this 
manner, the above meteriale were electrochemicaily 
polymerized at a constant current having a current 
density of 0.2 mA/cm^ for 10 minutes to stack a pdy- 
30 pyrrole layer having a thickness of 200 nm, thereby 
forming the first organic layer 16. In this state, how^ 
ever, since the pdypyrrole layer was set in a metallto 
state doped with C/Or ions, the working electrodes 
were keptata potential of-2 Vforan hour with respect 
35 to the counter electrode so as to set a current flowing 
In the working electrodee at 0 A. The resultent struc- 
ture was exposed to an ammonia vapor to undope 
ions. In addition, the resultant structure was left un- 
der a vacuum of 10^ Pa at 1 50«C for about 3 houre. 
40 When the organic field effect element is irradiat- 
ed with light carrieis are generated in the charge 
generation layer constituting the second organic lay- 
er. and the carriera are injected In the charge trans- 
port layer constituting the second organic layer. At a 
45 time when the carriere are injected in the f M organic 
layer across the charge transport layer, a ourrem be- 
gins to flow in the channel. A time interval from when 
the element is irradiated with light to when the current 
flows In the channel is determined by the carrier mo- 
50 baity and thickness of the charge transport layer. The 
magnitude of the current depends on the Intensity of 
the light and the generation efficiency of the carriere 
of the charge generation layer. There is a merit that 
these vsluee can be set to be desirable values. In ad- 
55 dition. as the characteristic feature of the organic 
field effect element, fbr example, serial current sig- 
nals are generated In response to. parallelly transf^- 
red light signals. 
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Fig. 7 shows the response of a drain current 
when the element is irradiated with the light of a Xe 
flush lantp having a pulse width of 5 (isec from the 
gate electrode side under the condition where voltag- 
es of -5 V and -50 V are applied to the drain and gate 5 
electrodes with respect to the source electrode, re* 
spectWely. As is apparent from Fig. 7, this element Is 
an excellent element having a large ratio of a current 
(ON current) In an light irradiation state to a current 
<OFF currenQ in a non-irradiation stats. io 

In addition, when the organic field effect element 
is applied to a liquid crystal display, the ON and OFF 
states of the liquid crystal display can be controlled t)y 
light Irradiation. 



Claims 

1 . An organic field effect element comprising: 

a source electrode (14) end a drain eleo- 20 
trode (15) formed separately to each other; 

a first organic layer (16) constituting a 
channel between said source and drah etedro* 
des(14,15); 

a second organic layer (13) formed to t>e 28 
adjacent to said channel and having a carrier con- 
centration different from that of said first organic 
layer (16): and 

a gate electrode (12) formed to be oppo- 
site to said channel through said second organic 30 
layer (13). 

wherein carriers are transferred t>etween 
said second and first organic layers (1 3. 16) in re- 
sponse to a voltage applied to said gate electrode 
(12) to change an electrical conductivity of said 3$ 
channel. 

2. The element according to claim 1, characterized 
In that the carrier concentration of said second 
organic layer is higher than that of said first or- 40 
ganic layer in one of a dark state and a light Irra- 
diated state. 

3. The element according to dalm 1. characterized 

in that materials of said first organic layer constl- 45 
tuting said channel and said second organic layer 
formed to t>e adjacent to said channel are select- 
ed from the group consisting of a n-conjugated 
polymer, a o-conjugated polymer, and derivatives 
thereof. ^ 

4. The element according to dalm 3, characterized 
in that said second organic layer contains a do- 
pant selected from the group consisting of s ha- 
iogon. a l.ewis add. a protonic add. an organic 55 
add. amino add, a Iransition metal compound, 
and an anion. 



5b The element according to daim 3, characterized 
In that said second organic layer contains a do- 
pant sslected from the group consisting of a ca- 
tion, an allcail metal, an allcaline earth metal, O2, 
XeOF4. (NOjT (SbFe-). (NQj*) (SbC^.-). (NO,*) 
(BFA AgCf04, HaliCfe. l.a(NO,)a6H20. FSO, 
2OOSO2F, Eu, acetylcholine. R^tr (R la an allcyl 
group). R4P* (R ia an allcyl group). ReAs* (R is an 
alkyl group), and R^S* (R Is an alkyl group). 

6. The element according to dalm 1 . characterized 
in that a carrier concentration N In said second 
organic layer satisfies a condition of N > 55.000 
e/d^ where d b a thickness and e is a permittivt^ 
of said second organic layer. 

7. The element according to dalm 3. characterized 
In that the n-conjugated pdymer is selected from 
the group consisting of pdyparaphenylene. pdy- 
aoetylane, polypyrrole. polythiophene. polyfUran. 
polyselenophene. pdyanillne. pdyazulene, poly- 
pyrene. polyfluorene. polyparaphenylenevlnyu 
lene, pdythlenylenevinytene. pdybenzolUran. 
polybenzothiophene. pdylndde, pdyvinytcarba- 
zde. pdydibenzofrjran. pdyisothlanaphthene. 
pdyisonaphthothlophene. pdydiacethylene, 
polyphenylenesulf kto. and polyphenyleneoxide. 

6. The element according to daim 3. characterized 
in that the o-conjugated pdymer is selected from 
the group consisting of pdysUane and polyger- 
mane. 

6. The element according to dalm 1. characterized 
in that said second organic layer has a stacked 
structure consisting of a charge generation layer 
and a charge transport layer, and the carrier con- 
centration of said second organic layer is higher 
than that of said first organic layer when light is 
irradiated on saU charge generation layer. 

10. The element according to dalm 9. characterized 
in that said charge generation layer contains s 
material selected from the group consisting of an 
inorganic photoconductor. metallic phthatocya- 
nine, non-metaOic phthalocyanlne, an azo dye. a 
penylene pigment, a pdycydic quinon pigment, 
an aggregate complex, and a charge transfer 
complex. 

11. The element according to daim 9. characterized 
in that said charge transport layer contains a ma- 
terial selected from the group consisting of a n- 
conjugated pdymer, a ^conjugated pdymer. and 
derivatives thereof. 

12. The element according to daim 9, characterized 
in that said charge transport layer contains a ma- 
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teflal selected from the group consisting of a hy- 
drazone compound, a pyrazollne compound, an 
oxadiazoie compound, a thlazole compound, a 
thiadiazde compound, a ketazine compound, an 
enamine compound, an anlaidine compound, a 5 
stilbena compound, a butadiene compound, a 
cafbazole compound, and polymer compounds 
obtained by introducing residual groups thereof 
to the main or side chains of polymers. 

10 

13w The element according to daim 1. characterized 
in that a material of said gate electrode is select* 
ed from materials which can form a Schottfcy Juno* 
tton ore heterojunction with said second organic 
layer t« 

14 The element according to daim 13. characterized 
In that a material of said gate electrode Is select- 
ed from a metal, a conductive oxide, a semicort- 
ductor, a Itoonjugated polymer, a o^oonjugated 20 
polymer, and derivatives oTthe n-conjugated and 
the o^conjugated pdymere. 

1& The element according to daim 1. characterized 
in that an insulating layer is formed between said 25 
second organic layer and said gate electrode. 

1& The element according to daim 1, characterized 
in that materials of said source and drain electro- 
des are selected from materials wMch can form 30 
a Schottky junction or a heterx^unction with said 
second organic layer. 

17. Theelementaccording to daim 18. characterized 
in that materials of said source and drain electro- 33 
das are selected firom a metal, a conductive ox- 
ide, a semiconductor, a n-conjugated polymer, a 
o-conjugated polymer, and derivatives of the 11- 
conjugated and the o-conjugated polymers. 

40 

1& The element according to daim 1, characterized 
in that an insulating layer is formed between said 
second organic layer and said source and drain 
dectrodes. 

48 

19. The liquid crystal display comprising two sub- 
strates arranged to be opposite to each other, a 
pixel electrode and a drive element fbrmed on an 
Inner surtiaoe of one substrate, a counter eleo- 
trode formed on an inner sur^ of the other so 
substrate, and a liquid crystal sealed between 
said aubstrates, 

wherein said drive element indudes 

a source electrode and a drain electrode 
formed separately to each other. 55 

a first organic layer constituting a channel 
between said source and drain electrodes; 

a second organic layer fbrmed to be adja- 



cent to said channel and having a carrier concen- 
tration different ih^m that of said first organic lay- 
er, and 

a gats electrode formed to be opposite to 
said channel through said second organic layer. 

such that carriers are bwisferred between 
said second and first organic layers in response 
to a voltage applied to said gate electrode to 
change an electrical conductivity of said channel. 
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